The one-pot reaction of phenylacetaldehyde with a primary amine followed by tosyl azide yields the corresponding benzamidine 1 along with the N 1 -monosubstituted-N 2 -tosylformamidine 2.
Introduction
Amidines are versatile starting materials in several synthetic schemes. Our group recently developed a simple and useful route to optically pure α-amino acid amidines 1 through a heterocyclic transformation. The cycloaddition of tosyl azide or aryl azides with enamines gives rise to 4,5-dihydrotriazole intermediates which convert into the expected branched amidines by nitrogen loss and substituent migration from the 5-to the 4 position. However, a different evolution for the 4,5-dihydrotriazole intermediates is also possible, indeed the corresponding linear amidines were obtained by alkyl diazomethane loss as represented in Scheme 1. 
Scheme 1
Such a versatile multicomponent reaction has been extensively investigated by our group, 2 but several aspects still remains unknown. For example, it is known that the nature of the starting carbonylic reactant appears to govern the outcome of the reaction. 3 Aiming to thoroughly investigate the behaviour of phenylacetaldehyde as the carbonylic reactant, as well as to obtain material for new heterocyclic syntheses, several primary or secondary amines and tosyl-or 4-nitrophenyl azide were reacted with phenylacetaldehyde according to Scheme 2.
Results and Discussion
The reaction of phenylacetaldehyde with tosyl azide and primary amines produced both N-tosyl-2-benzylamidines 1a-i, with N 2 loss, and N-tosyl-formamidines 2a-i with benzyldiazomethane loss. In all cases the 2-benzyl-amidine derivatives 1 were the main reaction products. It is already known that the reaction between phenylacetaldehyde and a secondary amine in presence of tosyl azide provides only formamidine. 2a We verified the reaction trend by using proline methyl ester as the amine and the formamidine 3, bearing the proline moiety, was obtained as the only product. 
Scheme 2
The same conditions were chosen for the reaction with 4-nitrophenylazide, but an equimolar amount of phenylacetaldehyde, a suitable secondary amine and 4-nitrophenylazide yielded the stable triazoline 4 which, through prolonged heating, was transformed into the N-aryl-2-benzylamidine derivatives 5 as the main products. No reaction occurred when phenylacetaldehyde was reacted with primary amines and 4-nitrophenylazide and the same behaviour was observed starting from α-amino acid esters. As demonstrated below, this multicomponent reaction proved to be an efficient way to achieve useful intermediates for synthetic transformations. As the structures of the N-tosyl-benzylamidines 1d-i, obtained from linear α-amino acid esters, and of the aryl-benzylamidines 5b-c, obtained from cyclic α-amino acid esters, are quite similar, we proposed to take advantage of the α-amidine methylene group, as well as of the presence of the ester moiety. By carrying out the reaction under basic conditions, an intramolecular condensation providing an heterocyclic ring could be expected between the nucleophilic methylene group 4 and the ester function (Scheme 3).
Scheme 3
The prolonged heating of N-tosyl-benzylamidines 1a-d in a 1M solution of t-BuOK in THF supplied in good yield the 1H-2-methyl-4-phenyl-5-(4-methylbenzensulfonamide)-1,2-dihydropyrrol-3-one 6a as a single product. The structure of 6a was supported by analytical and spectroscopic data. Besides the expected signals for the aromatic protons, the 1 H NMR spectrum showed at  4.10 ppm a quartet associated with a proton coupled with a methyl group, confirmed by the 13 C signal at 57.1 ppm associated with CH-2. On the other hand the 13 C NMR spectrum showed three quaternary carbons at 104.8, 166.1 and 180.4 ppm associated with C-4, C-5 and C-3, respectively. The analysis of the spectroscopic data infers the existence of the 3-oxo pyrrole tautomers, as recently reported by Friedrichsen et al. 5 for similar structures. Likewise, amidines 1e,f,i heated in the same reaction conditions supplied the corresponding 1H-2-alkyl-4-phenyl-5-
The N-aryl-benzylamidines 5b,c also yielded the analogous bicyclic pyrrol-3-ones 7a,b in basic medium. Unfortunately the basic reaction conditions gave rise to the loss of optical activity, explained by the enolization of the intermediate products. 
Conclusions
In conclusion, in this work the chemical behaviour of phenylacetaldehyde was thoroughly investigated in multicomponent reactions with primary or secondary amines and various azides. The benzylamidines obtained proved to be useful intermediates in heterocyclic synthesis through a straightforward intramolecular condensation. Indeed starting from amidines 1d-f,i and 5b,c a new pyrrol-3-ones series were synthesized.
Experimental Section
General Procedures. Mps were determined by a Büchi 510 (capillary) apparatus. IR spectra were measured with a JASCO IR Report 100 instrument (Nujol; cm -1 ). NMR spectra were obtained with Bruker Advance 300 and Varian Gemini 200 spectrometers in CDCl 3 solution at 25 °C, unless otherwise stated. J values are given in Hz. Low-resolution MS spectra were recorded with a Thermo-Finnigan LCQ ADVANTAGE AP electrospray/ion trap equipped instrument using a syringe pump device for the direct injection of sample solutions.
2d is a known compound.
General procedure for the reaction of phenylacetaldehyde with tosylazide and primary or secondary amines
The selected amine (10 mmol) was dissolved in 20 ml of CH 2 Cl 2 and 7 g of 4Å molecular sieves were added to the solution. Phenylacetaldehyde (10 mmol) and, after 30 min., 10 mmol of tosyl azide were added to the reaction mixture. The solution was stirred at room temperature for 12 h until disappearance of the starting materials (TLC: ethyl acetate/cyclohexane 1:1). The resulting suspension was filtered and evaporated. The crude product was purified by column chromatography (ethyl acetate/cyclohexane 1:1). When primary amines were used as reactants, two main fractions were collected containing 2-benzyl-N-alkyl-N'-tosyl-amidine 1 and N-alkyl-N'-tosyl -formamidine 2, respectively. Starting from secondary amines, only formamidine 3 was obtained. General procedure for the reaction of phenylacetaldehyde with 4-nitrophenyl azide and secondary amines The selected amine (6 mmol) was dissolved in 20 mL of CH 2 Cl 2 and 7 g of 4Å molecular sieves were added (if the amine used was a hydrochloride, 10 mmol of TEA were added). Then, to the mixture, phenylacetaldehyde (6 mmol) was added and, after 30 min, 4-nitrophenylazide (6 mmol). The mixture was stirred for 20 h until disappearance of the starting materials (TLC ethyl acetate/ cycloexane 1:1). The reaction mixture was filtered, washed with fresh water, dried with Na 2 SO 4 and evaporated at reduced pressure. The residue was purified by chromatography over silica gel to supply triazoline 4. General procedure for the transformations dihydrotriazole-amidines Dihydrotriazole 4 (5 mmol) was suspended in toluene (10 mL) and heated at reflux for 8 h. At the end, the solution was evaporated under reduced pressure and the residue chromatographed with ethyl acetate-cyclohexane (1:4) yielding pure 5. -N-(4-oxo-3-phenyl-4,5-dihydro-1H-pyrrol-2-yl) 
N-Ethyl-2-phenyl-N'-tosylacetimidamide (1a

4-Methyl
